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An Application of a MCDA Model for Healthcare Site Selection. 
 
 
Abstract 
 
 
The aim of this paper is to report on the development of a Multiple Criteria Decision 
Analysis (MCDA) Model that was implemented to optimize the location selection for a 
new healthcare centre. The paper demonstrates how MCDA was used within healthcare 
to enhance the robustness and transparency of the decision making process. 
 
Literature on MCDA was reviewed to contribute to the model development. It was 
developed in collaboration with a local Trust as part of a new health centre (£15 million 
project). A substantial set of data gathered from the public consultation and four specific 
workshops, allowed to assess the two alternatives using the Evidential Reasoning (ER) 
approach. 
 
The final model has seven criteria and 28 sub-criteria. This technique was useful to reach 
a consensus and influenced the Board of Directors to justify the final decision thanks to 
the robustness and transparency of the process. The paper makes a contribution by 
implementing a MCDA model in the healthcare sector and by providing a model for 
future application.  
 
 
Key Words: Multiple Criteria Decision Analysis, Site Selection, Healthcare. 
 
 
 
 
1 -Introduction 
 
The NHS (National Health Service) in the UK is under constant change; within the 
current economic climate the PCT (Primary Care Trust) decisions are carefully watched 
by the public and the local population. Hence, the organization becomes increasingly 
accountable to the local community (DoH, 2010). PCTs have responsibility to plan, build 
and manage their facilities (hospitals, and health centers). Within the planning phase the 
site selection is amongst the most important and long lasting decision. From direct 
observations of the host organization, historically, the site selection has been part of the 
public consultation process. The local communities were asked through questionnaires 
and consultation events to identify where they would like the future premises to be 
located. However, it has been suggested by the key stakeholders interviewed this practice 
was not really transparent and certainly not robust enough to select the optimum site. 
This is due to the need to consider several qualitative and quantitative criteria and expert 
opinions. By merely asking the local community “where would you like the facilities” 
such factors are unlikely to be taken into account. 
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Several techniques have been deployed over the 30 years to support decision makers.  
Through techniques such as financial modeling, cluster analysis, portfolio methods or 
simulation, organizations have managed to select optimum alternatives focusing on the 
output (Tavana, Sodenkamp, 2010). Moreover, it has been observed that within public 
organizations the multitude of stakeholders involved within the process is a barrier to the 
transparency of the final decision.  
 
This paper looks at the development and implementation of a MCDA model to select the 
optimum site for a future health and social care centre within the district of Bradford, 
UK. “MCDA methods provide a structured framework for information exchange among 
the different stakeholders and reduce the unstructured nature of the problem” (Tavana, 
Sodenkamp, 2010, p.1459). It will be seen to what degree a MCDA methodology, 
through the Evidential Reasoning (ER) technique, can support the optimization and the 
rationalization of the decision making process.  
 
Two specific research questions were developed to provide a focus for the research: 
 
RQ1: How can the site selection decision be increasingly rational, inclusive and 
transparent within the NHS?  
 
RQ2: What are the criteria that need to be considered to identify the optimum health 
infrastructure location in an urban area? 
 
Following a review of appropriate literature and a presentation of core findings this paper 
makes a contribution by outlining the implementation of a MCDA model in the 
healthcare sector and by providing a robust model for future application. 
 
 
2- Literature Review 
 
2.1 Decision Making Theory  
 
Decision making has been examined since early history and the development of logic 
with Plato and Aristotle (Hollnagel, 2007, Ormerod, 2010). Since then, it has been 
studied from different perspectives to understand what are the developments involved in 
selecting one alternative over another. Sharifi, Boerboom, Shamsudin and Veeramuthu
 
(2006, p.86) defined decision making as “a process involving a sequence of tasks that 
starts with the recognition of a decision problem and ends with recommendation for a 
decision”. This is also the interpretation that Huber (1989) made when he considered the 
process of decision making as a problem-solving process. 
 
However, according to Hollnagel (2007), it has been argued that if decision making is a 
cognitive process - a mental process taking place in the mind of decision makers to 
identify the „right‟ or „best‟ decision - then one needs to consider and fully appreciate the 
three assumptions characterizing this case. First, this assumes that decision makers are 
completely informed; it implies that the decision makers understand all the consequences 
of the selection of the different alternatives over another, and that there is no uncertainty 
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influencing the decision. Second, decision makers are entirely sensitive; this means that 
decision makers are able to notice the slightest difference between the potential choices 
and two alternatives cannot be identical. Finally, it is also suggested that decision makers 
need to be rational individuals; this implies that alternatives can be systematically ranked 
by preference order. 
 
This seems an idealistic scenario and it can be disproved from a realist perspective, which 
holds the view that in real life this never happens due to time and resources constraints. 
Hence, Hollnagel (2007) explained that a set of realistic assumptions can substitute the 
previous assumptions. “First, the decision making is a not a discrete and identifiable 
event; second, decision making is not primarily a choice among alternatives; and finally, 
decision making is not usually a distinct event taking place at a specific point in time” 
(Hollnagel, 2007, p.5). Considering this latter set of assumptions, the decision making 
becomes a phenomenon or an activity rather than a process. However, it is believed that 
when one explicitly attempts to resolve the problem by using even the simplest model 
such as comparison, or ranking techniques, then the decision making goes from a 
cognitive activity and becomes a process. 
 
In this paper the authors have attempted to identify and implement a framework to design 
the decision making of the site location for new healthcare centre as a process, attempting 
to tend toward to the first set of assumptions as much as possible: informed, sensitive and 
rational. To achieve these objectives, many techniques have been developed over the past 
30 years from different body of knowledge. Tavana and Sodenkamp (2010) explained 
that scoring methods, economics and financial models, portfolio approaches or simulation 
all are implemented to assess alternatives. These methods, although very powerful, might 
lack mechanisms to capture instinctive and tacit preferences; something that MCDA can 
offer. 
 
Historically, within the NHS Trust the decision about the site location for a new health 
infrastructure has not systematically been a rational and transparent problem solving 
process but more of an arbitrary decision based on the knowledge available and the 
experts‟ feelings. This has been identified as an issue for the local community and 
solutions have been looked for. Here we will present how the MCDA process helped 
tending toward a transparent and rational decision for the selection of the new site, the 
process followed is detailed in the Appendix A. 
 
To resolve this problem, instead of considering what were the alternatives and 
establishing a choice, data was collected in order to develop a hierarchy structure about 
what criteria needed to be considered to identify the optimum site location by assessing 
each alternatives against the same set of criteria. This enabled the decision making to be 
built as a process rather than an activity as Huber (1989) observed.  
 
2.2- Location decision for a healthcare centre 
 
For any organization, facility location is a highly regarded decision and is often 
considered among the most important. In addition, Whitener and Davis (1998) explained 
that selecting a site is becoming increasingly complex, costly and problematic because 
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optimum locations are either already developed or extremely expensive. Thus, techniques 
and models need to be developed to support decision making and to understand the 
impact of the decision on the overall activity. Cook and Hammond (1982, p.15) explained 
how in the private sector a poorly chosen location for a business can lead to its failure 
whereas a good location leads to its economic success. Moreover, Yang and Lee (1997) 
noticed that location problems have been increasingly investigated by academics and 
practitioners within both the public and private sector. Ghosh and Harche (1993) 
explained that facility location problems have attracted researchers within several  
disciplines: economics, industrial engineering, logistics and geography (cited by Yand 
and Lee, 1997, p.241). For these reasons the location problem became of interest for one 
of the authors.   
 
Site selection decisions are deemed strategic due to their long lasting business impact. 
For instance manufacturers and retailers try to locate their facilities in such a way that the 
entire network‟s total cost is minimized or the profit is maximized - by supporting just-in-
time strategies with their suppliers, and optimizing the market penetration by meeting the 
customers demand within short delays (Christopher, 2005; Cousins et al., 2008). 
However, within the public sector the objectives are likely to be very different, and often 
not as distinct as in the private sector (Rahman and Smith, 2000). For a public health 
facility the location decision has to consider criteria such the distance for the population, 
service availability, and the overall equity (Smith, Harper, Potts, Thyle; 2007, Rosero-
Bixby, 2004). Therefore, models need to be used to support the decision making process.  
 
Rahman and Smith (2000, p.437) reviewed the role and the utilization of Location-
Allocation models to support the healthcare facilities design in the developing countries 
and demonstrated the “usefulness of such methods in the site selection decision making 
process”. The aim of these models is to identify the set of optimal location for new 
healthcare facility, essentially by minimizing the distance or the cost of transportation 
between the node of demand and the facilities (Tao, 2010). This optimization would 
improve the accessibility. The p-median models have been an attractive method to 
resolve these location problems by calculating the smaller total weighted travel distance 
or time from the user to the facility (Rahman, Smith, 2000). Moreover, Salhi and Al-
Khedhairi (2010, p.1619) developed a model “to solve p-centre problems aiming to locate 
p facilities and assign demand nodes to these p facilities so that the maximum distance 
between a demand nodes and the facility is minimized”. By developing such models the 
redesign of the whole system is likely to be improved. However, the mathematical 
methods are quite sophisticated, and complex to implement. This is in line with what 
Rahman and Smith (2000) remarked that most health centre locations disregard to a 
certain extent the implementation stage.  
 
Other popular methods have used Geographic Information Systems (GIS) to predict and 
analyze the consequences of locating a facility in a specific location (Rosero-Bixby, 
2004, Ramani, Mavalankar, Patel and Mehandiratta, 2007). The major criticisms with 
linear regression, GIS or p-median solutions are that the system is optimized based on the 
accessibility and distance, however, several other qualitative aspects are not taken into 
account. For instance, these approaches would not facilitate to capture the voice of the 
local population. Moreover, although these mathematical models help to optimize the 
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location, a large number of criteria would not be expressed, for instance the risk 
associated with the site, the size available to support a specific design or the potential for 
regenerating the district. Thus, one may wonder to what extent the solutions generated 
from these models will be transparent and robust. For these reasons, a Multiple Criteria 
Decision Analysis (MCDA) model was developed and thought to be the solution. This 
was also reinforced by Erkut and Neuman (1989, p.288) asserting that “real world 
location problems are clearly multiple objectives and multiple attributes decision making 
problems that shall be solved using multiple criteria decision making tools such as AHP”.  
 
2.3- MCDA  
 
Multiple Criteria Decision Analysis (MCDA) is a branch of Decision Science that 
provides methodologies and frameworks to cope with multiple and conflicting criteria 
situation. MCDA allows a coherent and visible decision making process by structuring 
the problem, modeling the preference, aggregating the alternative evaluation, and making 
recommendations (Belton and Stewart, 2001). Moreover, Cousins et al., (2008, p.69) 
explained that people have limited information processing capacity, hence, “do not 
necessarily make optimum decisions but instead seek to satisfy conflicting objectives”. 
Therefore, MCDA is appropriate to reduce the complexity by structuring the problem and 
establishing a systematic process to assess the alternatives. It will be seen to what extent 
MCDA frameworks supported the decision makers to be informed, sensitive, and rational 
matching the three assumptions detailed previously.   
 
Bhutta and Huq (2002) explained that MCDA can be implemented as modeling 
frameworks to integrate several qualitative and quantitative type of information in order 
to make a decision including subjective and intuitive factors. It provides a mechanism to 
integrate completely different elements from instinctive factors to rational criteria. By 
aggregating and structuring the problem in a hierarchical way with criteria and sub-
criteria, systematic and consistent assessment of alternatives can be undertaken. Amongst 
the several approaches available two major MCDA techniques can be identified: 
Analytical Hierarchy Process (AHP) and Evidential Reasoning (ER) (Xu, Yang; 2001). 
These two main approaches: Analytical Hierarchy Process (AHP) and Evidential 
Reasoning (ER) could be used to solve the same problems. However, their key difference 
resides in their structure and the assessment process. AHP uses pair-wise comparison, 
whereas ER uses degree of belief mechanism. AHP was developed by Thomas Saaty in 
the 80‟s “for resolving unstructured problems in the economic, social and management 
sciences” (Wu, Lee, Tah, and Aouad, 2007, p.376). The logic behind AHP is to building 
the hierarchy model with the goal, the criteria and the alternatives, to allow decision 
makers systematically evaluating the elements against each other using the pair-wise 
comparison method (Saaty, 1980). ER was recently developed to cope with uncertainty 
and randomness in Decision Making. The ER approach is different from AHP modeling 
method, as it employs a belief structure to represent an assessment as a distribution (Xu, 
Yang; 2001). This logic mechanism is facilitated by the Intelligence Decision System 
(IDS) software developed by Professor Yang and Dr. Xu from Manchester Business 
School (Yang, 2007). 
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3- Methodology, Procedure and Model:  
 
Literature on MCDA techniques was reviewed to contribute to the development of the 
final model. The model was developed in collaboration between the Bradford PCT and 
Manchester Business School as part of the planning of a new health centre project. A 
substantial set of data from public consultations was considered; as well as the data 
gathered from four specific workshops organized by Benjamin Dehe and Jim Bamford to 
capture both the „voice of the local community‟ and the „experts judgment‟. This data 
was used to identify the criteria, sub-criteria and their associated weightings as presented 
further. The assessment of the alternatives - the potential sites available, used the 
Evidential Reasoning (ER) approach rather than Analytical Hierarchy Process (AHP). ER 
was selected for its flexibility and capability to assess the uncertainty thanks to its 
assessment mechanism called „degree of belief‟ to measure and compare criteria and 
alternatives. Finally, the analysis was accommodated via IDS (Intelligent Decision 
Software), this package enabled to visualize the results and carry sensitivity analysis, 
enhancing the decision makers‟ comprehension (Xu, Yang, 2001). The process followed 
describes the methodology as Ormerod (2010) or Pidd (2003) suggested: background and 
definition of the problem, identification of the possible options, construction of the model 
and criteria identification, solution of the model and sensitivity analysis, validation of the 
model and implementation of the final results. 
 
 
4- Case study 
 
4.1- Background 
 
The Bradford and Airedale Teaching Primary Care Trust (BAtPCT) commissions the full 
range of clinical services throughout 58 community-based health services across 100 
sites, within 30 political wards, each of them with a population of about 17,000 
inhabitants. The total catchment area represents approximately 500,000 people, living in 
both urban and rural area, a significant proportion of the population belongs to 
disadvantaged ethnic minority groups (Bamford, 2009). The Trust has set particular 
priorities: for instance, the reduction of health inequalities, the improvement of the 
clinical quality and safety, as well as increasing the patient experience through enhancing 
efficiency and effectiveness performances (Bamford, 2009). This can be accommodated 
by a move toward more community-based care provision, as specified within Lord 
Darzi‟s report (2008). However, to achieve these objectives the Trust has to undertake 
extensive infrastructure development over the next decade, but lacks mechanisms, 
systems or procedures for overseeing their planning and ensuring that the Trust‟s future 
strategic needs are archived. 
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Figure 1: Bradford and Airedale Deprivation District Map.  
 
In 2006, according to the strategic objectives described previously (reduce the health 
inequalities and modernize the services and bring it closer to the local population), a 
project to develop a brand new health infrastructure in one of the most deprived area of 
Bradford district became an important priority. The centre might include GP practices, 
end of life care, local authority and third sector services, dental practices, community 
services, physiotherapy, elderly day services, cancer support and some of the outpatient, 
diagnostic and treatment services currently provided in the acute sector as reported 
internal documentation. This new healthcare centre would serve the whole community by 
meeting these needs (Turner, Hollingsworth, Watson, 2010). 
 
4.2- Alternatives identification 
 
Once the key issues were established by the Health and social need assessment, potential 
sites were searched. In 2009, an exhaustive site search identified 20 possible sites, of 
these; six met the required viability criteria. A further review in 2010 rejected three of 
these sites leaving the Trust with three potential alternatives, that are referred as A, B and 
C for confidentiality purposes, as shows the Figure 2 below. 
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Figure 2: Potential sites location. 
 
The site selection has been a real issue within the planning process. First of all, the local 
population has been genuinely concerned with the location of their future healthcare 
centre; this seems to be the most important element for the local population, which led to 
unconstructive debates during the public consultation, away from the other core elements 
such as the development and design of the future services provided (Dehe, Tao, 2010). 
Secondly, for the PCT, it has become complex to carry on the planning and design 
processes of the health premises whilst the location has not been determined for practical 
reasons. Moreover, a direct consequence of the high uncertainty associated with this 
decision is that project has been loosing pace and momentum, delaying the completion 
time. In other terms, within the planning stage the site selection appears to be the process 
bottleneck, thus, to improve the planning process, developing the MCDA model to 
optimize the site selection, seemed the relevant and appropriate methodology. 
 
Four months of public consultation were set up to engage with the local communities.  
When surveyed, 92.6% (3055 responses) of the local population preferred location A, 
which is the location of one of the current health centre providing GP services in this 
area. According to the feedback, the local population were concerned with travelling 
difficulties, the lack of public transportation for the other sites and the safety. However, 
although these issues are valid and must be appreciated, they could not be appraised as 
rational, as improvement of the public transport and environment and safety would be 
expected if the new healthcare was built up in those places. Therefore, this questionnaire 
could not help to optimize the location, and could not be considered as either a rational or 
informed process. According to the discussion held, it was clear that the local population 
felt threatened by this substantial project, and felt that health services were going to be 
taken away from them. This could explain why 92.6% responded location A when they 
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were asked their preferred location. Moreover, in such decision making a large number of 
stakeholders are directly involved, the PCT, the NHS staff, the patient, the council, and 
the local communities. All those stakeholders groups have different personal and political 
interests leading to conflicting site selection, which in the past, has slowed down the 
whole decision making process. This justifies the need to build up a process to enhance 
the robustness and the transparency of the decision by being inclusive based on the 
consensus of the stakeholders, to tend toward an optimum and rational decision. 
 
 
5- Finding and Discussion 
 
5.1- Construction of the model, and criteria identification 
 
After the public consultation completed and analyzed, it was felt appropriate to engage 
further with the key stakeholders and the local community, allowing them to take part in 
the criteria identification that the decision makers shall consider when assessing the 
alternatives. The two main purposes were transparency and robustness of the decision 
making process. The intention was to bring together key stakeholders, including health 
and social care professionals, patients, service users and representatives from the district 
Town Council and the Voluntary Sector Racial Inclusion Group in order to ensure a wide 
range of views are included in the criteria and sub-criteria, both selection and weighting 
(Turner et al., 2010; Dehe and Tao, 2010). Therefore, the PCT has organized two 
workshops to determine the criteria and attributes, which shall be considered to make the 
decision. The workshops aimed to assess what are the criteria that stakeholders consider 
paramount to select the optimum site location and quantify their importance. This 
enabled us to develop an aggregated model, which takes into account multiple criteria to 
assist the decision makers to make a transparent and evidence based recommendation for 
the site selection.   
 
The 1
st
 workshop was held on the 23
rd
 of July 2010. 16 people participated, mainly 
members of the public and service users. The outputs from earlier public consultations 
were made available to all participants. The outcome was identification of six criteria, 
with the weightings that participant felt, the decision makers should consider to select the 
optimum site location. The second workshop was held on the 5
th
 of August 2010. 20 
people attended but only 14 members of the public and service users participated, four 
decided not to be further involved with the process. To ensure continuity two people from 
the first workshop attended as observers. This allowed us to validate the findings from 
workshop 1, expand the sub-criteria list and redefined the identified weighting (see 
Figure 3). The following Table 1 illustrates the two workshops outcomes and the criteria 
weighting aggregation, based on the 30 people‟s opinion informed by the public 
consultation outcome (the document was distributed during the first workshop). 
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Workshops 1 
(16 participants)  
Workshop 2 
(14 participants)   
Participants 
Weighting  
 Weighting rank  Weighting rank Weighting rank 
Safety 7.38 2 
Environment 
& Safety 6.75 5 7.09 5 
Size 6.13 6 Size 9.55 2 7.73 2 
Cost 7.13 4 Total Cost 5.67 6 6.45 6 
Access 8.94 1 Accessibility 9.64 1 9.27 1 
Design 7.25 3 Design 7.92 4 7.56 3 
Time risks 6.25 5 Time risks 8.18 3 7.15 4 
 
Table 1: Workshops 1 and 2 Outcomes for the Criteria, (Dehe and Tao, 2010). 
 
The same process was undertaken with the sub-criteria. This enabled the development of 
the following framework see Figure 3, which represents the aggregated version of the 
model developed by the 30 participants, composed of six criteria and 21 sub-criteria. 
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Figure 3: The Model developed by the participants after the Workshop 1 and 2. 
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This process could not go further without inputting the experts‟ knowledge. The experts‟ 
opinions were gathered throughout a series of meetings and two workshops, which led to 
the addition of extra criteria and sub-criteria to this model. It enabled the development of 
a thorough and robust model as shown below in the Figure 4 to assess the alternatives. In 
the final model as presented in Figure 4, the weighting took into account the workshops, 
the public consultation outcomes as well as the expertise of Estates, Architects, Primary 
Care and Service Development, Intelligence and Analysis team, and Senior Managers. 
The final weighting has been developed upon consensus and agreement amongst the 
decision makers. This final model is composed of seven criteria and 28 sub-criteria which 
are described below in Figure 4.  
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Figure 4: The Final MCDA Model. 
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Environment and Safety: This criteria is related to the surrounding area safety and the 
potential for regenerating this part of the district by building a new health and well-being 
centre. The neutrality of the location according to the different communities was also 
taken into account.  
 
Size: The size is linked to the number of square meters available to be able to 
accommodate the future health centre. Logically, the expansion capacity, the number of 
parking space and the square meters allocated for the clinical space and the 
administrative space have to be considered. 
 
Total cost: Here both variable and fixed costs must be taken into account: construction 
cost, land cost, rates and taxes as well as the value for money that can differ from one 
alternative to another. Although this has scored the lowest by the participants, it is 
deemed to be to most important factor to be considered to take the decision, especially 
within the current financial and economical situation.  
 
Accessibility: This criteria has been without a doubt the most important criteria from the 
public consultation and the workshops. Therefore, we shall consider and assess the 
alternatives against different type of access: public transport, road and traffic, pedestrians 
and disable accessibility. Another sub-criteria was identified: the affordability to 
commute for both the staff and the patients. 
 
Design: The design aspect needs to be taken into account as this also impact the choice of 
the location. The number of floors, the presence of a pharmacy, the potential for a 
flexible design, the potential use for renewable energy, and the way the health centre will 
fit with the current landscape (planning regulation, design style) all are relevant issues to 
consider.  
 
Risks: The risk is a criteria which have not been clearly stated throughout the workshops, 
and the public consultation, however, such strategic and long lasting decision must 
consider the risks associated. Here, we have highlighted the construction risks, the land 
risks, the intensity of other health and social services provision around (to also help 
reducing the inequalities), and the timeframe and the delivery speed risks (also a concern 
from the local communities). 
 
Population profile: Within the analysis it also seems important to look at the 
demographic, geographic and epidemiologic profile of the different parts of the district 
even if in this case this did not influence the final outcome. 
 
Appendix B provides further details regarding the sub-criteria. 
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5.2- Alternatives Assessment 
 
As previously explained at the start of the process three alternatives were being 
considered A, B and C. However, within the assessment process the location C had to be 
discredited due to external planning and political considerations. Thus, the following part 
describes the assessment of Location A and Location B. A team formed by experts has 
assessed each alternative A and B against each criteria and sub-criteria in IDS software 
(Intelligence Decision Software). The Table 2 below shows the assessment organized by 
Dehe and Tao in August 2010. Based on the in-house expertise the following table 
indicates the inputs of each criterion, including both weights and assessments for A and 
B. It needs to be noted that in IDS the weights have been normalized in percentage, 
which are the convention used. 
 
 
# Criteria 
Original 
weight 
Normalized 
weight 
1 
Environment and 
safety 4 8.9 
2 Size 6 13.33 
3 Total Cost 10 22.22 
4 Accessibility 9 20.00 
5 Design 6 13.33 
6 Risks 6 13.33 
7 Population Profile 4 8.9 
 Total 45 100 
 
Table 2: Normalized criteria associated weighting (Dehe and Tao, 2010). 
 
 
The Table 3 shows the assessment results for Location A and Location B and the score 
for each sub-criteria. The qualitative sub-criteria are assessed through a scale of degree of 
belief; Worst, Poor, Average, Good, Best. The distribution was discussed case by case 
with the team of experts. Appendix C compiles further comparative information. For 
certain sub-criteria GIS (Geographic Information Systems) inputs were considered as 
appropriate, for instance to assess the accessibility and the population profile. This 
process has supported the reduction of the information asymmetry by making sure both 
alternatives were assessed as objectively as possible, something that will not have been 
possible without this process. 
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Table 3: Weighting and Assessment for the Alternatives A and B (Adapted from Dehe and 
Tao, 2010). 
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Based on this model and the presented inputs, Figure 5 shows the ranking of the 
alternatives A and B. From the assessment, Location A scored 56% and Location B 
scored 54%. 
 
 
 
Figure 5: Ranking of the Alternatives. 
 
 
 
Lc  Location A      Lc  Location B 
 
Figure 6: Criteria Performances. 
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From this assessment the preferred option was the location A with a percentage score of 
56%, and location B scored 54%. By looking at Figure 6, it can be seen that Location A 
outstrips the Location B in 4 criteria: Environment and Safety by 11%, Total Cost by 
32%, Accessibility by 2% and Risks 12% (meaning that A is believed being less risky 
than B). Whereas, the Location B outstrips the Location A in two criteria fairly 
substantially: Size by 41% and Design by 21%. Although Location A is the preferred 
option according to this assessment, it is relevant to understand the consequences of 
altering the weightings and inputs by undertaking sensitivity analysis.   
 
5.3- Results analysis 
 
This analysis was conducted by Dehe and Tao to inform further the decision makers and 
help them to appreciate the meaning of the results.  
 
The difference in weighting between the model compiled by the public and the final 
model is showed in the table below:  
 
 PUBLIC FINAL 
Criteria Weight Rank Weight Rank 
Environment & Safety 15.52% 5 8.90% 6 
Size 17.07% 2 13.33% 3 
Total Cost 14.41% 6 22.22% 1 
Accessibility 20.62% 1 20.00% 2 
Design 16.63% 3 13.33% 3 
Risks 15.74% 4 13.33% 3 
Population Profile N/A N/A 8.89% 6 
 
Table 4: Models’ weighting Comparison. 
 
From the Table 4 two key points need to be explained further. First, the population 
profile, this criteria was not considered by the public in the workshops. This is potentially 
very important as one of the key issue to tackle is to reduce the inequalities, hence, the 
location selection should assess these issues. In this particular case, the population profile 
was assessed equally, as none of the demographic, geographic, and epidemiological 
elements were different in this area. Second, the other difference appears in the Total 
cost. The public considered the Total cost as the least important criteria; this can seem 
surprising within this tough economic situation. From discussions with the participants 
they would not see a big cost different between building the healthcare centre in Location 
A or in Location B. However, Total cost has been the most important weight in the final 
model simply because from the PCT perspective the value for money, the affordability 
and the other financial features are fundamental aspects and paramount for making the 
final decision. Moreover, there are important differences between the Location A and 
Location B, particularly with the land cost. The land of the Location A would not have 
any direct associated costs as the PCT owns it. The land of the Location B would need to 
be purchased and negotiated, involving higher risks as well. For the assessment, the cost 
of the land B was estimated at £ 2,000,000 by the experts. This will be detailed further.  
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IDS was used to assess the model and to undertake the analysis. Thanks to IDS the 
authors were able to carry a sensitivity analysis for the weighting of the criteria. Three of 
the criteria could affect the final outcome: Size, Total cost and Design. This is interesting 
as previously mentioned Size and Design were the two criteria where Location B was 
outstripping the Location A. The Size had an associated weight of 13.33%, however, 
from the Figure 7 below if the weight associated increase to 16%, then Location B would 
reach a higher score. This has helped the decision makers to discuss to what extent the 
criteria Size can become a more important criteria. This was identified as very little in 
this case, thus Location A was still the preferred option. 
 
 
 
Figure 7: Sensitivity analysis for the Size weight. 
 
 
The Total cost has a weight of 22.2%. However, according to the Figure 8 what is 
relevant to consider is the case where the weight is reduced down to 20%. Then, Location 
B would be the preferred option. This has raised the issue of the public not considering 
the Total cost as the most important criteria, however, the decision makers agreed that 
Total cost was the most paramount criteria, thereofore its weight would under no 
circumstances be dimished.  
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Figure 8: Sensitivity analysis for the Total cost weight. 
 
 
The design weight has also been identified as a sensitive criteria. According to Figure 9, 
if the design was deemed more important to select the optimum site, and had an 
associating weight of 20%, then Location B would outstrip the Location A, and become 
the preferred option. Therefore, discussion around to what extent the design should be 
more important in the final decision, and again the decision makers agreed that was the 
right weight for this particular case.  
 
 
 
Figure 9: Sensitivity analysis for the design weight. 
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Therefore, this analysis was useful for the decision makers to appreciate the sensitivity of 
the weighting. This also enabled the decision makers to challenge to what extent the 
weighting were relevant for this site selection, discussions around these issues had taken 
place on the last workshop in the end of August. This was the opportunity to validate the 
final models. It was agreed amongst all the decision makers these weighting were based 
on a consensus in line with the strategy and the public consultation outcomes. However, 
it was appropriate to carry on further analysis to measure the sensitivity of the inputs, 
which were based on the expertise and the knowledge of the cross-functional team of 
experts. The Size was a sensitive criteria and its key sub-criteria was the clinical space, a 
quantitative sub-criteria assessed in square meters. Based on the internal knowledge, and 
the planning at that stage, the Location A would offers approximately clinical space 
available of 4,000 m2, this will allow to provide the services identified from the need 
assessment but with little room for flexibility; whereas, 5,000 m2 could be easily 
available in the Location B. Therefore, any improvements of the clinical space in location 
A would strengthen it as the preferred option as shows the Figure 10 below. This will be 
taken further into the design phase, to improve the overall quality of the infrastructure.  
 
 
 
 
 
 
Figure 10: Input sensitivity anlysis for the Clinical Space. 
 
 
The same resonning can be applied to the qualitative flexible design sub-criteria. 
Location B has been assessed as the most flexible location with a distribution of the 
degree of belief of 50% Good, 50% Best; whereas, the distributuion of the degree of 
belief of location A was Average 50% and Good 50% according to the experts. However, 
by improving the flexibility through design features, this could improve the distribution 
of the assessment to reach for example a distribution of Average 33%, Good 33% and 
Best 33%, in that case Location A would boost its score and strenghen its preferred 
position.  
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Figure 11: Input sensitivity anlysis for the Flexible design. 
 
 
This was discussed between the decision makers as key aspects to consider further on 
how to improve the location A as the optimum option, but did not have any consequences 
for the decision making process. Having said that, the other crucial issue to consider was 
the cost of the land. From the sensitivity analysis it was calculated that this sub-criteria 
had a considerable impact on the final decision. As stated previously the Location A was 
owned by the Trust, hence no direct cost would be associated with its acquisition. On the 
other hand, the Location B is privately owned, with a business running just next to it, the 
cost for aquiring the land was estimated at £ 2,000,000. Different scenario were tested, 
and a break-even point was identified: if the cost associated with the acquisition of land 
were down to £ 1,380,952, then both Location A and Location B would have the same 
score based on this assessment, as illustrated in Figure 12 (Tao, 2010). Furthermore, if 
the land could be acquired by the PCT at about £ 604,000, then Location B would 
outstrip Location A as the preferred option by 3% as shows Figure 13, another scenario 
was discussed, as it could be imagined that the PCT is able to generate some cash from 
selling the land A, if A was not the selected option, in order to finance the site B. 
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Figure 12: Input sensitivity anlysis for the Cost of the land. 
 
 
 
 
 
 
 
 
 
Figure 13: Input sensitivity anlysis for the Cost of the land. 
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5.4 - Research Questions  
 
RQ1: How can the site selection decision be increasingly rational, inclusive and 
transparent within the NHS? 
 
This paper has demonstrated that by following a MCDA process and including the local 
participants, the decision making became transparent and inclusive. The selection of the 
Location A as the preferred option was justified and challenged on several occasions. 
However, by the use of this process the decision makers were informed and aware of the 
differences lying in each alternative and supported by the sensitivity analysis, which 
allowed to rationally justifying the selection to the large range of stakeholders. In this 
case and based on the set of assumptions detailed in the literature part, we can state that 
the site selection has tended toward optimization and rationality. The robustness was also 
reached throughout the consensus agreement between the decision makers all along.   
 
The authors suggest that by having robust procedures in place the potential for 
information defects is reduced. Furthermore, it has been seen that thanks to this process 
the information asymmetry between Location A and Location B was considerably 
minimized, which also show that the quality of the inputs were taken into consideration 
by the decision makers. Thanks to the MCDA methodology and the collective process 
followed, the decision makers were able to draw rational interferences from the data 
collected. As Ormerod (2010, p.1767) explained “the rationality lies not in the 
mathematical model but in the structure of the decision choice”. To improve this model 
and the rationality of the outcome, we would suggest a bigger sample size, and a more 
quantitative sub-criteria assessment. 
 
RQ2: What are the criteria that need to be considered to identify the optimum health 
infrastructure location in an urban area? 
 
According to this research, seven criteria and 28 sub-criteria were identified to select the 
optimum site selection in an urban area. At the time of the research, the Total cost was 
the most important criteria with 22.2%, followed by Accessibility 20%, then, equally 
important were Size, Design and Risks 13.3%, finally, Environment and Safety and the 
Population profile were the least important with an associated normalized weighting of 
8.9%. As discussed above some criteria were far more sensitive than other through the 
characteristics of Location A and Location B. It is relevant to notice that the whole range 
of bespoke criteria was objectively assessed. Also this cannot be a standard model to be 
replicated for all site selection in healthcare within an urban area; we believe that it is a 
very robust model, which will be used as the base line for the following site selection 
within the PCT. By gathering more input form local population and through an iterative 
process the criteria refined and the weighting could be further improved. We 
acknowledge that the sample of the local community directly involve into the model 
construction was not large enough to be representative of the local population, but the 
authors believed that its makeup was reflective of the local population and this was 
satisfactory and corroborated with the data from the survey and other public consultation 
outcomes.  
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6- Conclusion: 
 
Based on this piece of research, the decision makers were confident in recommending 
Location A as the optimum alternative for the local new healthcare centre. A limitation 
that the authors recognize is that due to resources and time constraints only two 
workshops involving the 30 people of the local communities actively participate to the 
model construction were undertaken. A major recommendation would be to start this 
process right at the beginning of the public consultation with a larger sample in order to 
improve all the objectives set: robustness, transparency for the public, and sensitivity for 
the decision makers to tend toward a rational decision making. We also appreciate that 
even thought the assessment have been as objective as possible, we do not know to what 
extent the participants, experts and decision makers were biased toward one site or the 
other affecting the final weighting, however, as it was based on consensus and agreement, 
we shall not take this issues into greater consideration. 
 
This model influenced the NHS Board of Directors to make an informed final decision 
for the site location of the £15 million health centre. It has also been beneficial to the 
local population – the future patients, who were able to follow and take part in the whole 
decision making process. As several attributes were conflicting this technique was useful 
to aggregate the different shareholders perspectives and reach a consensus to select the 
most important factors leading to identify the optimum healthcare centre location. It was 
noticed that by going through this process the decision makers became more informed, 
more sensitive to appreciate the alternatives‟ differences, and also be more rational 
allowing ranking alternative by preferences.    
 
The paper makes a contribution by implementing an MCDA model in the healthcare 
sector and by providing a potential model and process, which can be used as a starting 
point to replicate future local site selection decision. Over the next 5 years period, 10 new 
schemes are planned representing up to £ 150 million of investment for the Trust, the site 
selection decision will be carefully scrutinised and this methodology could be an 
effective and efficient solution. As far as the authors know this MCDA application has 
not been widely used in healthcare to identify optimum site.  
 
 
 
 
 
The Authors would like to thank Mr Tefu Tao for his work and support as well as the 
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Appendix A: The MCDA Process followed 
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Appendix B: Final Model details: Criteria and Sub-criteria.   
 
Top-Criterion Describe Sub-Criterion Explanation 
Qualitative/ 
Quantitative 
Environment 
and Safety 
(8.9%) 
Include external 
factors affecting by 
the environment of 
the location. 
Neutral Location 
(10.00%) 
The site is in a neutral 
location. 
Qualitative 
 (5-grads 
assessment) 
Vandal Proof 
(20.00%) 
The surrounding area of the 
site is safe, with adequate 
security service around. 
Qualitative  
(5-grads 
assessment) 
Open Location 
(20.00%) 
The surrounding area of the 
site is an open area without 
the obstacle that may impede 
evacuation. 
Qualitative 
 (5-grads 
assessment) 
Regeneration-
Positive Impact on 
the Surrounding 
Area 
(50.00%) 
The new health centre can 
positively improve socio-
economically the 
neighborhood, infrastructures, 
employment rate, and quality 
of life. 
Qualitative 
 (5-grads 
assessment) 
Size 
(13.33%) 
Consider the 
space that the new 
health centre can 
potentially provide. 
Parking Space 
(30.00%) 
The number of parking space 
provided for in the new health 
centre. 
Quantitative 
(Unite: Slot; Best: 
250; Worst: 50.) 
Clinical Space 
(Service design) 
(40.00%) 
The space provided for clinical 
services in the new health 
centre. 
Quantitative 
(Unite: m
2
; Best: 
5,000; Worst: 
3,000.) 
Admin Space 
(Service design) 
(10.00%) 
The space provided for 
Administration use in the new 
health centre. 
Quantitative 
(Unite: m
2
; Best: 
500; Worst: 250.) 
Expansion Capacity 
(20.00%) 
The potential for future 
expansion. 
Quantitative 
(Unite: %; Best: 
25%; Worst: 5%.) 
Total Cost 
(22.22%) 
Compare the cost 
of the new health 
centre in a site. 
Construction Cost 
(20.00%) 
The cost related with the 
construction of the new health 
centre. 
Qualitative 
 (5-grads 
assessment) 
Land Cost 
(30.00%) 
The cost associated to acquire 
the land for the new health 
centre. 
Quantitative 
(Unite: £;  
Best: 0;  
Worst: 2m.) 
Rates / Taxes 
(10.00%) 
Other indirect costs associated 
with the new health centre, 
interests, taxes, etc. 
Quantitative 
(Unite: £;  
Best: 0;  
Worst: 0.2m.) 
Value for Money 
(40.00%) 
Whether the total investment 
on the new health centre is 
effective, based on the 
financial modeling. 
Qualitative 
 (5-grads 
assessment) 
Accessibility 
(20.00%) 
Involve the factors 
that affect the 
access to the 
health centre. 
Roads Traffic (Easy 
access) 
(30.00%) 
The general accessibility for 
road system around the site of 
the new health centre  
Qualitative 
 (5-grads 
assessment) 
Public Transport 
Links 
(40.00%) 
Analysis of the public transport 
coverage of a site, such as 
bus routes, train station, taxi. 
Qualitative 
 (5-grads 
assessment) 
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External Pedestrian 
and Disable Access 
(20.00%) 
Whether the site provides 
good accessibility to the 
pedestrians and disabled 
users. 
Qualitative 
 (5-grads 
assessment) 
Affordability for the 
Local Community to 
Commute 
(10.00%) 
The transport fees for the user 
to the health centre are 
reasonable, especially for 
those users who do not drive. 
Qualitative 
 (5-grads 
assessment) 
Design 
(13.33%) 
The design 
limitation that 
comes with the 
location choice. 
Flexible design 
(60.00%) 
The site can support further 
development that may occur in 
the future. 
Qualitative 
 (5-grads 
assessment) 
Number of Storey 
(10.00%) 
There are direct relationships 
between number of storey, 
design, health and safety, 
size. 
Quantitative 
(Unite: storey;  
Best: 1;  
Worst: 4.) 
Fit with the 
Surrounding Area 
(10.00%) 
The health centre would not 
be in conflict with surrounding 
area in any form. 
Qualitative 
 (5-grads 
assessment) 
Potential Use of 
Renewable Energy 
(10.00%) 
The site for the new health 
centre can accommodate or 
facilitate the use of the 
renewable energy. 
Qualitative 
 (5-grads 
assessment) 
Presence of 
Pharmacy Required 
(10.00%) 
To what extent the pharmacy 
on site is needed, from a 
demand and regulation 
perspective. 
Qualitative 
 (5-grads 
assessment) 
Risks 
(13.33%) 
Measure potential 
risks that may 
impact the cost 
and the time of the 
new health centre 
project  
Land Risk 
(30.00%) 
Risk related to the land on 
which the new health centre is 
built. For instance, unknown 
geographic factors may 
massively raise the cost. 
Qualitative 
 (5-grads 
assessment) 
Construction Risk 
(20.00%) 
Risk associated with the 
construction of the new health 
centre: disruption, health and 
safety, time for completion. 
Qualitative 
 (5-grads 
assessment) 
Services Provision 
(Number and 
Intensity of practices 
in the area) 
(20.00%) 
Evaluate the health service 
that already exists in the area, 
which may need to be 
relocated in the future. 
Qualitative 
 (5-grads 
assessment) 
Timeframe and 
Delivery Speed 
(30.00%) 
Other risks time related that 
may negatively affect the new 
health centre. 
Qualitative 
 (5-grads 
assessment) 
Population 
Profile 
(8.89%) 
Involve factors of 
population profile 
that a new health 
centre needs to 
consider. 
Demographic 
(50.00%) 
Demographic coverage of a 
new health centre. 
Qualitative 
 (5-grads 
assessment) 
Geographic 
(20.00%) 
Geographic coverage of a new 
health centre. 
Qualitative 
 (5-grads 
assessment) 
Epidemiologic 
(30.00%) 
Epidemiologic features of a 
location that a new health 
centre needs to take into 
account. 
Qualitative 
 (5-grads 
assessment) 
(Adapted from Tao, 2010) 
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Appendix C: Sub-criteria comparison 
 
 
Sub-Criteria Location A Location B 
Vandal Proof No data suggesting that this is a high risk area for vandalism.  This can be factored in when 
designing the building and regardless of the site location. 
Open Location Slightly more open More industrial 
Parking Space Site can allow up to 150 car parking spaces.   Site can provide over 150 car parking 
spaces. 
Expansion Capacity 2.5 acre site able to accommodate 4000m2 
building 2 storey high with small room for 
expansion. 
5 acre site able to accommodate 5000m2 
building with ample room for expansion 
without building upwards. 
Construction Cost Tight site and therefore construction restricted 
making it more costly.  Need to find 
alternative accommodation for social care 
staff during construction. 
Would be able to keep people on current 
site whilst work going on. 
Rates (Taxes) Felt that both sites should be scored the same as not able to separate on rateable value.  
Roads / Traffic – easy 
access 
Both thought to be the same, it just depends on which road you would be travelling in from. 
Public transport links Both considered the same. 
External pedestrians / 
Disabled access 
Main road not as busy for patients crossing, 
but may need to put a pelican crossing in. 
Maybe advantageous with regard to 
access, however busier and wider main 
road to cross. 
Affordability for the 
local community to 
commute 
Would depend on where people live and how 
they commute. No change for people as 
current site. 
It is within walking distance for most 
people in the deprived surrounding areas.  
However it would cost other 
disadvantaged communities more as 2 
buses could be required to commute. 
Presence of Pharmacy 
required 
Good for the pharmacy there at the moment. Maybe longer to get a pharmacy due to 
technical rules regarding pharmacy 
licenses. 
Fit with surrounding 
area 
Both the same.  There are various buildings with different designs around, so shouldn’t be 
restricted with the design of the building. 
Flexible Design Limited space on site. Larger site. 
Land Risk Low risk  More risky as previous industrial use. 
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Construction Risk Restricted site meaning logistical challenges 
including limited car parking during 
construction period. Noise in surrounding 
residential area.  
Large site and self contained so no 
phased construction required and no 
issues with car parking, site cabins. 
Local Service Provision There are already several primary care 
providers within locality. 
There is limited primary care provision 
within the locality (North Street Branch). 
Timeframe and delivery 
speed 
Slightly longer to build but land is already in 
PCT/council possession. 
Land is privately owned and negotiations 
would need to be had with the owner and 
their agents.  
(Adapted from Turner, Hollingsworth, Watson, 2010) 
 
